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CORONARY SCLEROSIS 


Coronary sclerosis is almost exclusively athero- 
sclerosis. The coronary orifices are located in a re- 
gion exposed to maximum pressure by the sudden 
closure of the aortic cusps. This pressure is quickly 
relieved by diffusion through the elastic aorta. It is 
probable, however, that this pressure is responsible 
for medionecrosis aortae and for the aortic rupture 
in dissecting aneurysms. Furthermore, the heart in 
experimental animals can be seen to develop pallor 
during systole as the contracting muscle squeezes 
blood out of the muscular branches of the coronary 
arteries, the veins and capillaries. At the same time 
the main coronary arteries and the subepicardial 
branches are distended with blood under systolic 
pressure and cannot empty themselves. Because of 
this situation the main coronary circulation is 
diastolic. 


Probably because of these unusual stresses the 
coronary arteries develop a generalized thickening 
of the intima in the form of what I have called a 
“puffer” layer. This thickening begins in early life 
in the form of a cellular fibrous tissue which becomes 
compacted with age into a more dense, less cellular 
layer. This “buffer” layer is so constantly present 
and so characteristic that it distinguishes coronary 
arteries from other vessels of similar size. The 
method of production of this buffer layer suggests 
at times that it may be of atherosclerotic origin with 
repair. 

In early life coronary lesions may be highly selec- 
tive in localization and may be limited, even in fatal 
cases, to the proximal 2 to 3 em. of the left coronary 
artery and its descending branch, the commonest 
site of coronary lesions. The left coronary artery 
turns at almost a right angle near its site of emer- 
gence from the arterial wall to parallel the course of 
the aorta, and gives off early in its course a large 
branch, the circumflex, at a right angle. These fac- 
tors could account for unusual and excessive stresses. 
The right coronary artery takes a course from its 
orifice almost in a straight line and does not give 
off so large a branch early in its course. In general, 
coronary lesions, as in other arteries, tend to be most 
common at or near the points of branching of the 
vessels. As the individual ages lesions of the right 
coronary artery become essentially as frequent as 
those of the left coronary artery. Left coronary 
lesions are more efficient in producing a sudden 
termination of life than those of the right coronary. 
Schlesinger® and his associates have demonstrated 
by the injection of lead agar and X-Ray examina- 
tion, followed by dissection of the coronary arteries, 
that obstruction or occlusion are more common than 
simple physical methods of examination had dis- 
closed. They have also shown that anastomoses 
between coronary vessels increase progressively 
with age. 


Vascular Spasm. In addition to the stretching ten- 
sions to which arteries, notably the coronaries, are 
exposed, they are also subjected to medial spasm. 
Neurogenic, toxic, infectious or endocrine agencies 
may stimulate temporary or continuous spasm of 
vessels, independently of the recognized group of 
vascular spasmodic diseases. Single traumas may 
precipitate prolonged spasm of peripheral arteries 
in susceptible persons in vessels not the seat of or- 
ganic disease. This group frequently responds to 
sympathectomy by a return to the normal. Tempo- 
rary intermittent spasm probably occurs in normal 
vessels, unrelated to idiosyncracy. No serious effects 
arise in normal vessels, because of the temporary 
character of the spasm and the normal lumen of the 
vessels. In the presence of atherosclerosis such spasm 
may become more effective, particularly in coronary 
lesions that markedly narrow the lumen. Death may 
arise from closure of the lumen by prolonged spasm 
without thrombosis. In loose textured vascularized 
lesions, spasm may cause rupture of capillaries in 
the thickened intima, associated with fibrinoid 
necrosis. Extension of this necrosis to the endothelial 
surface is a common cause of thrombosis. Spasm may 
also be responsible for the rupture of coronary 
atherocheumas. 


Advanced coronary sclerosis in my series at 12 and 
18 years of age with coronary deaths at 24, 25, 26, 
28, 29 years of age and many in the thirties demon- 
strate that atherosclerosis is not a disease of old age.” 


The type of lesion found varies with age. In youth 
excess cholesterol in the lipoid cells which have in- 
vaded the intima provokes a growth of loose tex- 
tured connective tissue, most commonly placed ec- 
centrically with the lumen pushed to one side. As the 
lesion enlarges the lumen is progressively narrowed. 
The diffusion of plasma from the blood in the lumen 
becomes inadequate to support the growing intimal 
lesion. Necrosis occurs in the parts most distant 
from the lumen, i.e., nearest the media. A new source 
of nutrition arises by the growth of capillaries, 
usually from the lumen, though in some cases the 
vasa vasorum may be the source. (All advanced 
coronary lesions are vascularized.) The inner layers 
of the thickened intima become a well vascularized 
tissue resembling granulation tissue but covered by 
the endothelium. In the early and developing stages 
lipoid cells are scattered or occur in groups through- 
out the lesion. In the fatal cases, which usually ter- 
minate by thrombosis, sections disclose hemorrhages 
from ruptured capillaries and associated fibrinoid 
necrosis. This necrosis extends from the regions of 
hemorrhage in the vascularized tissue up to the en- 
dothelial layer, thus communicating directly with 
and causing the thrombus filling the lumen. 


_In middle age more collagen is formed and scar- 
ring is typical of this period. Usually the develop- 
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ment of the lesions has been slower and more irregu- 
lar than the processes found in youth. Accretions of 
excess cholesterol have been more intermittent. 
There are usually regions of dense scarring repre- 
senting the repair of more youthful processes with, 
usudily, atherocheumas of varying size and varying 
age, as indicated by the presence or absence of some 
living lipoid cells. Narrowing of the coronary lumen 
(with clinical coronary insufficiency) and chronic 
vascular myocardosis are frequently found. The re- 
lation to hypertension is close. Sudden death may 
occur and no evidence of thrombosis or completely 
occluded vessels be found. Infarcts may arise in 
individuals who have gone through coronary crises, 
who have been hospitalized for some time before 
dying, and whose hearts do not show occlusion of 
the coronary vessels supplying the infarcted regions. 
The only adequate explanation of these findings is 
that coronary spasm has persisted long enough to 
produce infarction. In addition to frank infarcts a 
lesion which lies midway between the slow chronic 
myocardosis and the rapid complete infarction which 
kills supporting tissue as well as muscle, is the so- 
called miliary infarct, frequently multiple, and 
marked by the acute death of the heart muscle with- 
out death of the supporting tissue, which prolifer- 
ates. This lesion is not usually associated with 
thrombosis or embolism. In general thrombosis is 
much less common in fatal cases in the middle pe- 
riod of life than in youth. Calcification of vessel 
walls is common. 


In old age the reaction of tissues to excess choles- 
terol is diminished. Lipoid cells tend to a¢cumulate 
in the thickened intima without adequate physical 
or nutritional support and atherocheumas, with cal- 
cification, are the typical lesions of this period. Scar- 
ring persists from earlier periods. Occlusion of the 
lumen is frequently due to the rupture of an athero- 
cheuma. The pasty contents efficiently plug the nar- 
rowed lumen. Calcification is practically constant. 


The type age reactions described in the above 
paragraphs are not constant, of course, but are re- 
markably standard. Occasionally a coronary artery 
in a man in the sixth decade will show loose textured 
vascularized tissue in the intima resembling the pic- 
ture found in youth, with thrombosis associated with 
rupture of capillaries. Less commonly a coronary 
death in the middle or earlier periods is due to the 
rupture of an atherocheuma into the lumen. Strik- 
ingly frequent are sudden deaths in hypertensive 
cases in which advanced coronary sclerosis is 
found, but no complete occlusion of the main vessels 
or any of their larger branches. 


Rupture through the necrotic tissues of a cardiac 
infarct may cause death by hemopericardium and 
cardiac tamponade. Rupture of an atherosclerotic 
coronary artery may lead to hemopericardium. Dis- 
secting aneurysms of the coronary arteries are rare. 
Infarcts are repaired by granulation, sometimes 
with pericardial adhesions. Mural cardiac thrombi 
may lead to systemic embolism, e.g., cerebral. The 
scar tissue repairing an infarct may stretch produc- 
ing a cardiac aneurysm. Coronary thrombi undergo 
organization, if the individual lives, sometimes with 
canalization. Usually the blood flow is reestablished 
about the region of thrombosis by a collateral circu- 
lation often anastomosing with neighboring branches. 


Coronary occlusion (1) may be symptomless — 
(2) may cause mild or serious illness — or (3) sud- 
den death with ventricular fibrillation—or (4) 
death so instant as to suggest immediate cerebral 
arrest with cardiac and respiratory standstill. 


Much of our knowledge about cholesterol is due 
to the work of Schoenheimer and his associates. 
Cholesterol is one of the most complex substances 
found in the animal body. It is metabolized appar- 
ently with difficulty. Because of its stability Starling 
believed that it served as the skeleton-like structure 
of the cell body in the interstices of which more 
labile substances underwent metabolism. It is syn- 
thesized in the human body. The excess is probably 
ingested. Egg yolk, milk and animal fats are the 
dietary sources. Needs for cholesterol appear to be 
greatest at times of rapid cell formation. The choles- 
terol of egg yolk is transferred to the cells of the 
growing embryo without loss or increase. The 
cholesterol of milk fats is intended for the nursling 
(deprived by birth of its added supply from the mo- 
bilized cholesterol of the mother?). Metabolism of 
cholesterol is most efficient in the young, as evi- 
denced in atheroma. The tissue content of cholesterol 
increases with age, and the needs for it grow less. 


It is not remarkable that atherosclerosis should 
be an almost universal disease in old age as the 
saturation of tissues with the substance increases 
and the efficiency of thyroid secretion diminishes. 
We are an aging population, as was recently brought 
to our attention by the lowered birth rate due to the 
depression and birth control. We are engaged in a 
war which must be offensive in character in order to 
win. The inevitable mortality among our youth will 
probably add to the average age of our citizens in 
spite of an increasing birth rate. Though we have 
increased life expectancy at birth we have not in- 
creased in any measurable degree life expectancy at 
age 40. At present we are lacking evidence that any 
therapeutic agent will help the metabolism of choles- 
terol. Choline will prevent excessive deposit of neu- 
tral fat in the liver, and lipocaic is supposed to in- 
fluence cholesterol metabolism, though proof of this 
is so far unsatisfactory. Prevention gives more prom- 
ise. Vegetable oils, whose sterols are not absorbed 
through the animal intestine, can be substituted for 
animal fats. The cholesterol stored in the tissues as 
the individual ages and synthesis of the substance 
gag care for the body’s needs on a cholesterol free 

iet. 


Timothy Leary, M.D. 
Boston, Mass. 
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